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ABSTRACT
Cells of Chondrococcus columnaris were sectioned and examined in the electron microscope after
fixation by  two different  methods.  After fixation  with osmium  tetroxide  alone,  the  surface
layers of the cells consisted  of a plasma membrane,  a dense layer  (mucopeptide  layer),  and
an outer unit membrane.  The outer  membrane  appeared  distorted  and  was  widely sepa-
rated  from  the rest  of the cell.  The intracytoplasmic  membranes  (mesosomes)  appeared  as
convoluted  tubules packaged  up within the  cytoplasm by a unit membrane.  The unit mem-
brane surrounding  the tubules was  continuous with the  plasma membrane.  When  the cells
were fixed with glutaraldehyde prior to fixation with osmium tetroxide,  the outer membrane
was not  distorted  and  separated  from  the  rest of the  cell,  structural  elements  (peripheral
fibrils)  were  seen  situated  between  the  outer  membrane  and  dense layer,  and  the  meso-
somes appeared  as highly organized  structures  produced  by the invagination  and prolifera-
tion  of the  plasma  membrane.  The  mesosomes  were  made  up  of a  series  of compound
membranes  bounded by unit membranes.  The  compound  membranes  were formed  by  the
union of two unit membranes  along their cytoplasmic surfaces.
INTRODUCTION
Bacteria  which  exhibit  a  gliding  or  creeping
type of motility  comprise  a large group of poorly
characterized  microorganisms.  The  difficulties
involved  in  arranging  the  gliding  microbes  into
natural  groups  stem  from  a  scarcity  of informa-
tion  that might  be  used  as  diagnostic  criteria  in
setting up a taxonomy. Two recent review  articles
(Soriano  and  Lewin,  1965;  Dworkin,  1966)
point  out some  inadequacies  in  present  classifica-
tions of gliding  microbes  and offer suggestions for
improved  taxonomies.  Soriano  and  Lewin  are  of
the opinion that  the parameters  listed  by Stanier
(1942)  to  define  the  myxobacteria  ignore  the
taxonomic  position  of a  large  number  of gliding
bacteria.  They express the opinion that the ability
to  glide  and  the  invariable  absence  of  flagella
and  endospores  constitute  evidence  for  phylo-
genetic  homogeneity.  Therefore,  they propose  the
establishment  of  the  subclass  Flexibacteria to  in-
clude all apochloratic procaryatic  organisms which
exhibit  a  gliding  motility  and  which  are  non-
flagellated.teria  (Voelz  and  Dworkin,  1962;  Lautrop  et  al.,
1964;  Costerton et  al.,  1961;  and others).
The  aim  of this  study  is  to  obtain  a  thorough
characterization  of the fine structure  of the  gliding
bacterium  Chondrococcus columnaris which  can  later
be  used  as  a basis  for a comparative  study  of the
ultrastructure  of  other  gliding  microorganisms.
To this end,  a fixation technique  more satisfactory
than the  usual Ryter-Kellenberger  procedure  had
to be introduced.  This  paper, the first of a  series,
describes  the structure  and formation  of intracyto-
plasmic  membranes  (mesosomes)  in  cells  of  C.
columnaris.
MATERIALS  AND  METHODS
Organisms
The  principal  organism  used  in  this  study  was
Chondrococcus  columnaris  strain  1-R43.  yxococcus
xanthus  strain  FB  was  also  used  for  comparative
purposes.
FIGURE  1  See legend under Fig. 2.
The  treatment  of  the  systematics  of  gliding
microbes  by Soriano  and Lewin  seems  altogether
sensible and  has several  advantages  over previous
treatments.  Perhaps its  greatest  advantage  is  that
the  decision  to  accept  or  reject  it  requires  a
thorough characterization  of the gliding microbes.
Only  after  a  large  body of information  regarding
the gliding  bacteria  is  available  can it be decided
whether the ability  to glide is truly a fundamental
characteristic  and  whether  its  use  as  the  sole
criterion  for  separating  bacteria  at  the  subclass
level is justified.
It  might be  anticipated  that  the  fine  structure
of gliding  bacteria  would  differ  in  some  respects
from  the  fine  structure  of  nongliding  bacteria.
Unfortunately,  the  results  from  previous  studies
on  the  ultrastructure  of  gliding  bacteria  have
been disappointing  in  their failure  to demonstrate
any specialized structures  not  found in the eubac-
Growth Medium
The  medium  used  for  the  growth  of C. columnaris
throughout  this  study  was  a  slightly  modified  cyto-
phaga  medium.  The  composition  of  the  medium  is
as follows:
Tap water  1000  ml
Bactotryptone  2  g
Beef extract  0.5 g
Yeast extract  0.5 g
Sodium  acetate  0.2  g
Preparation of Cells  for ElectronMicroscopy
Two  different  methods  of fixation  were  employed:
(1)  Ryter-Kellenberger  fixation,  employing  the
fixative  osmium  tetroxide  in a veronal  acetate  buffer
(Ryter  and  Kellenberger,  1958).  The  cells  were
dehydrated  in  a  graded  series  of  alcohols  and  em-
bedded  in Epon 812  (Luft,  1961).
(2)  A  double  fixation  employing  the  fixatives
glutaraldehyde  and osmium tetroxide  in  a phosphate
buffer  (Sabatini  et  al.,  1963).  Cells  were  harvested
from  30  ml  of  cytophaga  broth  by  centrifugation.
The  pellets were  divided  into  small  clumps  about 2
mm  across.  The  clumps  of  cells  were  placed  in  a
solution  of  3%0  glutaraldehyde  (K  and  K  Labora-
tories,  Plainview,  N.  Y.)  in  0.1  M phosphate  buffer,
pH 7.2. Fixation  was carried  out at 4°C for 2  hr. The
cells  were  then washed  for  3  hr  in three  changes  of
the  phosphate  buffer.  The  cells  were  placed  in  1 ml
of 1%  Os04 in 0.1  M phosphate buffer,  fixed for  3  hr
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CM, compound  membrane
DL, dense layer
IUM, inner unit membrane
M, mesosome
N, nuclear  material
OLM, outer  limiting membrane
OM, outer membrane
PM, plasma  membrane
P, projections
R, ribosomes
FItrnEs 1-3  Sections of cells  of C. columnaris fixed according  to the method  of Ryter and  Kellenberger.
The mesosomes  (M) appear as  systems  of  tubules  bounded by unit membranes.  The  plasma  membrane
is seen  to be  continuous  with the membrane  bounding the mesosome  in Fig.  1. Cross-sections  of cells are
shown  in Figs. 2 and 3.  Longitudinal  sections are shown  in Figs.  and 2.  The cells are bounded  by  three
distinct structures:  a plasma membrane  (PM), a dense  layer  (DL), and  an outer membrane  (OM). The
plasma membrane  and outer  membrane both have a unit membrane structure. Figs.  1 and  2,  X  126,000;
Fig. 3,  X  157,000.
at room temperature, washed for 2  hr in three changes
of the phosphate  buffer,  and dehydrated  in a graded
series  of  alcohols.  They  were  then  embedded  in
Epon  812  as  above.  In  both  cases,  the  cells  to  be
fixed  were  harvested  from  cultures  that had  grown
for  12  hr  on a  rotary  shaker  at 25
0C.  Sections  were
cut  on  an  LKB  ultratome  with  diamond  knives,
picked  up  on  copper  grids  with  carbon  support
films,  and stained  for  15 min with  2% uranyl  acetate
followed  by  a  10-min  treatment  with  lead  citrate
(Reynolds,  1963).  All  of  the  electron  micrographs
were  made  with  an  RCA  EMU  3G  electron  micro-
scope.
RESULTS
Ryter and Kellenberger Fixation
Fig.  1  shows  a  section  through  a  C.  columnaris
cell  fixed  in  veronal  acetate  buffered  osmium
tetroxide  according  to  the  method  of Ryter  and
Kellenberger  (1958).  The  structural  components
of  the  cells  have  a  characteristic  appearance
when  fixed  according  to  this  procedure.  The
plasma  membrane  has  an  irregular  profile  and  is
closely  associated  with a  single  dense  layer which
probably  corresponds  to the  mucopeptide  layer of
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the cell  wall.  The outermost  membrane of the  cell
is  widely  separated  from  the  dense  layer  and  is
extremely  irregular  in  profile.  The  plasma  mem-
brane and outer membrane  both have  the appear-
ance  of  unit  membranes  approximately  65  A
across.  The dense  layer varies from  30  to 50  A in
thickness.  The  plasma  membrane  is  sometimes
seen  to  invaginate  into  the  cytoplasm  to  form
intracytoplasmic  membranes.  The  dense  layer
does  not  follow  the  plasma  membrane  into  the
cytoplasm.  Most  of the  cytoplasm  appears  rather
homogeneously  electron  opaque;  ribosomes  do
not stand  out distinctly.
The  appearance  of  the  intracytoplasmic  mem-
branes  (mesosomes:  Fitz-James,  1960)  is  most
unusual.  In  almost  every  case,  they  appear  as  a
system  of convoluted  tubules  separated  from  the
rest  of the  cytoplasm  by  a  single unit  membrane.
In  no case  is  there  apparent  the  mesosome  struc-
ture  that  has  been  reported  for both  gram-nega-
tive  and  gram-positive  bacteria  with  the  mem-
branes  arranged  in  concentric  circles  or  spiraling
in  pinwheel  fashion  (van  Iterson,  1965;  Voelz,
1965; Murray,  1962).  Figs. 2 and  3 show cross-sec-
tions  through  cells containing  mesosomes. The  di-
ameter of  the  tubules  is about  300 A.  Figs.  2 and
3  show  longitudinal  sections  through  cells  which
include mesosomes. The membranes separating the
tubules  from the cytoplasm are seen  to be contin-
uous with  the plasma membrane.
Glutaraldehyde and s084 Fixation
Excellent  results  were  obtained  with  phos-
phate-buffered  glutaraldehyde  as  the  primary
fixative  followed  by  fixation  with  osmium  tetrox-
ide.  Fig.  4  is  an  example  of cells  sectioned  after
being  fixed  in  this  manner.  The  same  three  sur-
face  structures  present  in  cells fixed  according  to
the  Ryter-Kellenberger  method  are  also  present
in  these cells.  However,  the outer membrane is no
longer widely separated  from  the dense  layer,  and
an  empty  space  does  not  separate  the  two.  The
outer  membrane  is  very  irregular  in  profile  and
occasionally  forms  slender  projections,  some  of
which reach  0.5  p  in  length.  The  dense  interme-
diate layer  presents a smooth  profile  and is sepa-
rated  from the  plasma  membrane by about  50  A.
The plasma membrane  follows the contours of the
dense  layer  closely.  In  addition  to  these  three
components  of  the  surface  structures,  a  fourth
component  appears  in  these  cells.  Just  beneath
the  outer  membrane,  dense  bodies,  about  100  A
across,  span  the  gap  between  outer  membrane
and  dense  layer.  These  structures  occur  with  a
periodicity  of about  160 A  (arrows  in  Fig.  4).  As
will be shown in  Paper III of this series  (Pate and
Ordal,  1967),  these  structures  present  a  fibrillar
appearance  in  longitudinal  section,  and  shall  be
referred  to as peripheral  fibrils.
The  cytoplasm  is  also  well  preserved  by  this
fixation  procedure.  The  ribosomes  stand  out
clearly  as  dense  bodies  150-200  A  in  diameter,
4  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGanE  4  Section through  cells  of  C. columnaris fixed  with glutaraldehyde  and  OSO4.  Notice the  large
mesosome  (M)  in the cell  in  the  center,  the slender  projections  (P) from the  outer membrane,  and the
dense  bodies just interior  to the outer  membrane  (arrows).  X  70,000.
and  the  nuclear  areas  are  seen  as  electron-trans-
lucent  regions.  The  cell  in  the  center  of  Fig.  4
shows  a  mesosome  which  is  quite  different  from
those  seen  in  cells  fixed  according  to  the  Ryter-
Kellenberger  method.  Mesosomes  seen  in  cross-
sections  of cells  fixed  after  12  hr  of growth  are
most  often  arranged  in  a  series  of  concentric
circles  (Figs.  5-7).  After  careful  examination  of
these  micrographs,  it  is  seen  that  in  every  case
the  innermost  circle  is  a  single  unit  membrane
bounding  a vacuole.  In  a  peripheral  direction  a
series  of electron-translucent  zones alternate  with
circles  composed  of  two  closely  apposed  unit
membranes,  referred  to  as compound  membranes.
The  outermost  ring  is  a  single  unit  membrane
which  shall  be  referred  to  as  the  outer  limiting
membrane.  Longitudinal  sections  through  cells
containing  these  membrane  structures  are  shown
in  Figs.  8  and  9.  In  Fig.  9  two  unit membranes
can be seen to join together to form the compound
membrane  (arrow).
Fig.  8  shows  a  longitudinal  section  through  a
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cell  undergoing  division.  A  mesosome  is  seen
which  appears  to  be  attached  to  the  plasma
membrane  at  the  plane  of  division.  In  this  pic-
ture,  the plasma  membrane  can  be  seen  clearly,
and  an  important  detail  should  be  noted:  the
plasma membrane  is asymmetric regarding  inten-
sity of staining. That is,  the outside  surface  of the
plasma membrane  stains more intensely  than  the
cytoplasmic  surface.  This  difference  in  staining
reaction  between  the  two  surfaces  is  probably  a
reflection  of differences  in  chemical  composition.
This  asymmetry  of  unit  membranes  has  been
discussed  by  Robertson  (Robertson,  1964)  and
has  been reported  in  plasma membranes  of bac-
teria by other workers (Fitz-James,  1960;  Glauert
and  Hopwood,  1960;  and  others).  Fig.  9  shows
FIGURES  5-7  Cross-sections  of  cells  of  C.  columnaris
containing  mesosomes.  Glutaraldehyde  and  OsO4  fix-
ation.  X  126,000.
6  TIlE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGURES  8 and 9  Longitudinal sections through  cells of C. columnaris containing mesosomes.  Glutaralde-
hyde and  Os04 fixation.  The  mesosomes  in these  cells are located at the plane  of division.  In Fig.  8,  the
outer limiting membrane  of  the mesosome  appears to  be  continuous  with  the  plasma membrane  at  the
plane of  division. The  formation  of a  compound  membrane  by the  union of  two unit membranes  can  be
seen  (arrows).  X  126,000.
another  example  of  a  mesosome  associated  with
the plasma membrane  at the  plane of division.  In
Fig.  10,  a  mesosome  is  seen  whose  outer limiting
membrane  is  continuous  with  the  plasma  mem-
brane.  In this last  picture,  the mesosomal-plasma
membrane  connection  is  at  one  side  of  the  cell
rather than  at the  plane  of division.
In some cases,  an  asymmetry  is apparent in  the
unit membranes  of  the  mesosomes  as  well  as  in
the  plasma  membranes.  The  inner  surface  of the
outer limiting membrane  is stained more intensely
than  the  outer  surface,  and  the  outer  surfaces  of
the apposed  pairs of membranes  are  stained more
intensely  than the  adjoining  surfaces  (Figs.  9-11).
Two  further  observations  concerning  the  con-
struction  of the  mesosomes  can  be  made.  Loops
are sometimes  seen at one end of the paired mem-
branes  (Figs.  12-14).  The  paired  membranes
making up the  concentric circles of the mesosomes
do  not  always  close  the  circles  (Figs.  6  and  14).
The  above  observations  on  the  disposition  of
membranes  in  the  mesosomes will  be made  use of
in  the discussion,  in which the  formation  of meso-
somes  from plasma  membranes will be considered.
DISCUSSION
Formation of Mesosomes
The outer limiting membrane  of the mesosomes
has been  shown to be continuous  with the  plasma
membrane,  which  appears  to  be  a  typical  unit
membrane.  Robertson  (1964),  describing  the
differences  between  the  unit  membrane  model
and  the  Davson-Danielli  model  of  a  membrane,
states  that  the  unit membrane  is  asymmetric;  the
outside  surface  is  chemically  different  from  the
inside  surface.  The  evidence  from  the  reactivity
of the  two surface  layers  of the  plasma  membrane
of C. columnaris with the fixing agents  and electron-
opaque  stains,  indicates  that  this  membrane  is
also asymmetric. The outside  surface of the plasma
membrane  appears  more  dense  than  the  cyto-
plasmic  surface.  This asymmetry  is  also present  in
the membranes  of the  mesosome  and  permits one
J.  L.  PATE AND  E.  J.  OHDnAL  Fine Structure of  C. columnaris. I  7FIGURE  10  Longitudinal  section  of cell  of C. columnaris. Glutaraldehyde  and OS04  fixation.  The  outer
limiting membrane  of  the  mesosome  is shown  to  be  continuous  with  the plasma  membrane  at  the side
of the  cell rather  than at the plane  of division  (arrow).  X  126,000.
FIGURE  11  Section through  cell  of  C. columnaris. Glutaraldehyde  and  OsO4 fixation.  Notice  the asynm-
metry  in  staining of  the membranes  of the  mesosome.  This  is seen  especially  well  where  the  two  outer
limiting membranes  meet to form  a compound  membrane  (arrow).  X  172,000.FIGURES  12  and  13  Cross-sections  through  cells  of  C. columnaris. Glutaraldehyde  and Os04  fixation.
Notice  the loops  in  the ends  of  some  of  the compound  illelbranes  of the  mesosonles.  X  126,000.
FIGURE  14  See legend  under  Figs  12  and  13.  X  172,000.
to  determine  whether  a  surface  of a  given  meso-
somal membrane  is  derived  from  the cytoplasmic
or the  outside surface  of the  plasma membrane.
Since  the  mesosomes  of C. columnaris, like  those
of other  bacteria  (van  Iterson,  1965),  appear  to
be formed  by  an invagination  and proliferation  of
the plasma membranes,  it is  reasonable  to assume
that  the  same  asymmetry  observed  in  the  plasma
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FIGURE  15  Diagram showing  how  the  mesosomes  might  be produced  by an invagination  and  prolifera-
tion of the plasma membrane.
membrane  would  also  appear  in  the  mesosomal
membranes.  In other words,  one would expect the
intensely stained  surfaces of the  membranes  of the
mesosome  to  correspond  to  the  intensely  stained
surface  of the  plasma  membrane.  If we designate
the "dark"  surface of the membrane as the  outside
surface  and  the  "light"  surface  as  the  cytoplasmic
surface,  the  following  statements  can  be  made:
(1)  The  cytoplasmic  surface  of the  outer  limiting
membrane  of the  mesosome  faces  the  cytoplasm,
while  the  outside  surface  faces  the  interior  of the
mesosome.  (2)  The  pairs  of  membranes  in  the
mesosome  adhere  along  their  cytoplasmic  sur-
faces.  (3)  When  the  outside  surfaces  of the  mem-
branes are face-to-face,  they  are always separated
by an  electron-translucent  zone.
The  formation  of a  mesosome  is  shown  in  dia-
grammatic  form  in  Fig.  15.  The  first  step  is  the
invagination  of  the  plasma  membrane  into  the
cell  to form  a large vacuole.  The membrane  sur-
rounding  this  large  vacuole  will  be  the  outer
limiting  membrane  of  the  completed  mesosome.
Next,  there  is  an  invagination  of  the  limiting
membrane  into  the  vacuole,  forming  a  smaller
vacuole  inside  the larger  one.  The  small  vacuole
is  pinched off from the  limiting membrane,  which
continues its inward growth. The  cytoplasmic  sur-
faces  are  brought  together  during  the  inward
growth  of  the  membrane,  and  they  adhere  to
each  other.  The  continued  proliferation  of  the
apposed  membranes  inside  the  outer  limiting
membrane  gives  rise  to the  mesosome.
The  evidence  for  this  model  will  now  be  con-
sidered.  The  invagination  of  the  plasma  mem-
brane  has  been  seen  in  several  micrographs,  and
the  outer  limiting  membrane  of  the  mesosome
has  also  been  shown  to  be  continuous  with  the
plasma  membrane.  The  next  step,  the  pinching
off  of a  vacuole  within  the  limiting  membrane,
had  to  be  postulated  to  account  for  the  single
unit membrane  seen  in  the center of many  meso-
somes,  the  cytoplasmic  surface  facing  inward.
The continued ingrowth of the limiting membrane
is  necessary  for  proper  orientation  of the  mem-
branes  for  adhesion  along  their  cytoplasmic  sur-
faces,  as  shown  in  Figs.  9  and  11.  Some  of  the
electron  micrographs  have  shown  loops  at  the
ends  of the  paired  membranes,  which  could  be
explained  if mesosomes  are  formed  according  to
this  model  (Figs.  12-14).  It  is  possible,  too,  that
the  ingrowing membranes,  rather than continuing
in  a  spiral,  may pinch off after  a certain  amount
of growth,  leaving  the  apposed  membranes  with
two  ends  with  loops  in  them,  and  then  continue
10  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGuREs  16  and  17  Sections  through cells  of M. xanthus (FB). Glutaraldehyde  and Os04  fixation.  The
mesosome  shown in  Fig. 16  is similar to those  of C. columnaris: concentric  circles  made up of compound
membranes bounded  by a unit membrane. Fig.  17 shows an invagination  of the plasma  membrane into the
cytoplasm.  Fig.  16,  X  172,000;  Fig.  17,  X  126,000.
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structures  shown  in  Figs.  6  and  14  could  be  the
result  of this kind  of membrane  growth.  It  is  also
possible  that  invaginations  of  the  outer  limiting
membrane  might occur at more sites than  one.
The mesosomes of C. columnaris  are  rather differ-
ent  in  structure  from  those  described  for  most
other  bacteria.  Mesosomes  of gram-positive  bac-
teria  may take  the  form of vesicular  bodies,  may
appear  tubular,  or may  occur  as a  swirl  of mem-
branes  (see  review  by  van  Iterson,  1965).  The
mesosomes  of gram-negative  bacteria  are  usually
much  simpler,  often  no  more  than  simple  in-
vaginations  of the  plasma  membranes.  There  are
a  few  exceptions.  "The  membranous  organelles"
of Nitrosocystis oceanus (Murray  and Watson,  1965)
appear  to  be made  up of pairs  of apposed  mem-
branes. But  these  apposed membranes  are formed
in quite  a different manner than those of C. colum-
naris.  Several  large  vesicles  are  produced  by
invaginations  of  the  plasma  membrane.  These
vesicles  flatten  out, and  the  outer surfaces  adhere
to  each  other.  The  outer  surfaces  of the  vesicles
correspond  to  the  cytoplasmic  surface  of  the
plasma  membrane.  Voelz  (1965)  reported  that
some  of the  membranes  of the  mesosomes  of the
gliding  bacterium  M.  xanthus  appeared  to  be
composed of two unit membranes  closely apposed.
He  did  not  speculate  on  their  formation.  A
mesosome  of M.  xanthus is  shown  in  Fig.  16  for
comparison  with  those  of C.  columnaris. It  has  the
same construction  as those of C.  columnaris. Fig.  17
shows an invagination  of the plasma membrane  of
M.  xanthus in  what may  be  an early  stage  in  the
formation  of a  mesosome.
Robertson  (1964),  discussing  contact  relation-
ships  of unit  membranes,  described  an  intimate
contact  as  occurring  when  two  unit  membranes
adhere  along  their cytoplasmic  or inside  surfaces.
He  referred  to  the structures  formed  by the  union
of the  two  unit  membranes  along  their cytoplas-
mic surfaces  as  "internal  compound  membranes,"
and  gave  as  the  only  known  example  of mem-
branes  of  this  type  the  membranes  occurring  in
nerve  myelin.  It  appears  that  compound  mem-
branes with  the same  type of contact  relationships
occur  in  cells  of C. columnaris, N.  oceanus, and  M.
xanthus.
Mesosomes in cells  fixed according  to the Ryter-
Kellenberger  method  have  the  appearance  of
tubular  structures  enclosed  by  a  unit membrane,
as  though  the  compound  membranes  had  been
converted  to  tubules  before  being  stabilized  by
the  fixative.  A prefixation  with glutaraldehyde  in
a  phosphate  buffer  appeared  to  stabilize  the
structure  of  the  compound  membranes  of  the
mesosomes  for postfixation  with osmium  tetroxide.
Sabatini  et  al.  have  noted  that  large  blocks  of
tissue  could  be  treated  with  glutaraldehyde  with
no  distortion  of  cell  organelles  (Sabatini  et  al.,
1963,  1964).  They  state  that  some  structures  are
not  so well  maintained  when osmium  tetroxide  is
used  as  the  only  fixative  as  they  are  when  the
double  fixation  is  employed.  This  appears  to  be
the  case  with  the  mesosomes  of  C.  columnaris.
However,  the exact requirements  for the stabiliza-
tion of mesosomes have  not been determined.  The
two  fixations  reported  in  this  paper  differ  in
respect  to  pH,  buffering  system,  and  the  use  of
glutaraldehyde.  Which  of these  variables  or  com-
bination  of variables  is necessary  for  good  preser-
vation  of the  mesosomes  is  still  to be determined.
The formation  of tubular structures  from the com-
pound  membranes  of mesosomes  of C.  columnaris
is  described  in  more  detail  in  Paper  II  of  this
series (Pate, Johnson,  and  Ordal,  1967).
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